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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing a semiconductor laser device having 
favorable productivity in a chip dividing process without 
deterioration of thermal resistance. 
SOLUTION: This method of manufacturing a 
semiconductor laser device has steps of forming a 
multilayer metal film successively composed of a first 
metal film 105 and a second metal film 106, having a 
thickness through which a wafer surface structure can 
be confirmed from the backside of the wafer on the 
b ttom surface of a wafer substrate for a semiconductor 
light emitting element provided with a transparent 
substrate 101 and a semiconductor laminate 102 
provided thereon; performing alignment by recognizing 
the wafer surface structure from the wafer backside to 
form dividing grooves on the wafer backside and divide 
the wafer, thereby forming semiconductor light emitting 
element chips; loading a semiconductor light emitting 

lement chips on a support substrate via solder with the 
substrate side down; and heating these so that the first metal film 105 is retained in a film and 
the second metal film 106 is melted into the solder. 
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SntngJlkl 2nm£TPC;fcfc, mi<0&mm&ftm£ 

m>\cs^y\zx®%£iixkztmft&ymmzm^ 
x. 

» 1 2 n m»Tt?fc *) , SI 2 ©&gK<0&)f # 0 t?fe 

So 

IffcftJS 3 ] flna^^ I n k UCfc t> , 

Mia^ 1 ©Mtt, Ti, Zt, Cr, Mo, W v F 
e, Zn, Cd, A 1 ©V^il^Sr c£AA?& t> , J8>o, 
£91BS!2<D&J|fi, Ni, Ag, Au, Ga, In, S 
n, Pb, Sb<D\,^-pM>*$r£A,X'teZ>Z.k$:<tmk-f 
S, »*Sl*fctt2(cfsa© i l^tt:»^ft, 

8fS#^4 ] WIE/N^as P b i LX V , 

ffl®8Sl<D&mtt., Ti, Zr, Cr, Mo, W, F 
e, Ni, Pd, Pt, Cu, Zn, Cd, AlOV^-f 
*t;o»iSr£A/-eft»), fltHSSS2<D&f|f*, Ag, Au, I 
n, Sn, Pb, Sb(DV^A^AyT?/i5rfcSriRf 
mt1"5, §t*m^*2K!^<7>W«8#&li. 

llfrfcS 5 1 IOIB/n V^dS S n £ LTft 9 , 

WffiM 1 W^Stt, Ti, Zr, Cr, Mo,W, F 
e, Zn, Cd, A10V^H*^A/t?/,C*), B&1ES! 
2<D^JStt, Cu, Ag, Au, Zn, In, Sn, P 
b, Sb<?)\/^i*ivt>>$r£k>Xt£Z>Z.k$:&®Lki~Z>* IS 

#g i 2 Kisao^^^e. 

Ii8#«6j »v^#Au*^#£LTft»), 
tSieU 1 <^feJSI4, Ti, Zr, Cr,Mo,W, F 
e, Al«V^d»«r^A/-e^»), Jt&IBSI 2 O&Jgtt, 
Ni, Pd, Ag, Au, Zn, Ga, In, Si, G 
e, Sn, Pb, Sb<D\,vfi%frt;$A,Xtl:$Zk$:® 
f&i-fS, 8&m%tc\±2\z.m.(ommm%giW<, 



EOflKtSrHKU LTT 7-T ^ v h-fs r k J: •) £ 

iw**8j stdasjs^n, m<D&mmkm2<o& 

tku ">yzfrvx3mm±Kmiu mmtz 
mm^y7zism$.tmbiz®%zi£ZTMk. 
1 1 ] t(rsasi§g?^*3»t5® i (o&mm&m 

mk 0. 5nm£t±l 2nm«Tt?fc5rt-Sr<|$®t 

[SM12] MiaSiSS5fc*3(t5^2(O^JIB^oK 
ffdS, 3nm«±2 5nm»T-Cfc5itSr!KfStt-r 

1 3 ] mwmm^f-y^nm^^mm 

30 ^2 0%«Tr-fc5rt*!i$mi:-f-5f&*^8tc|aSi(D 

IIS*S 1 4 ] WIB/N^yiJ I n t LT* ' 

5, t9IB^l<Dr&JgJ4, T i, Z r, Cr, Mo, W, 
Fe, Zn, Cd, A 1 ©Vvf^fr-g-A/f giffB 
IB20&JBI4, Ni, Ag, Au, Ga, In, Sn, 
Pb, SbwTixfrtrSAsXtthZLkZiimktZ. 
»*«7, 8, 9, 1 0, 1 1, 1 2, 1 3, 1 4, 1 

40 [ffjftJg l 5 ] MiB/^#P b Sr±j^^i L-C/i 
9, WiagJ 1 COifeJgtt, T i, Z r, Cr, Mo, W, 
Fe, Ni, Pd, Pt, Cu, Zn, Cd, A 1 
•f*t^Sr#A/-C/i!J, WSEm2©^JHtt, Ag, Au, 
In, Sn, Pb, Sb©vvfttav£r£^-Cft5r£4r 
®®ki-Z, tt*«7, 8, 9, 10, 11, 12, 1 
3, 14, 15, 1 6 0^"ftiMCK«©^ft^3t^ 

IiS*« 1 6 ] mt'^y'tfiS n «r±fife&£ LTfr 
0, I5ia^ 1 <D&M\t s Ti, Zr, Cr, Mo, W, 
50 Fe, Zn, Cd, A I tf>t v ?*tL;6»&"c£'A/"l?&9, ffiE 
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M20&Mit, Cu, Ag, Au, Zn, In, Sn ( 
Pb, SbW-fixfrZtAsX'teZZ.kZtmk-ti, 
IS*57, 8, 9, 10, 11, 12, 13, 14, 1 

5 , 1 6 TttM&tooimmtitmmomitir 

1 7 ] tftE/M^tfS A u &£&ftb LTfc 
9, iWIE&KO&JStt, T i, Zr, Cr, Mo, W, 
F e , A 1 (O^-ftifrZ-SAs-Cte t> , JnflEJB 2 <D&m 
(*, Ni, Pd, Ag, Au, Zn, Ga, In, S 

1, Ge, Sn, Pb, S b <0^?tifr$rgA,Xtl:2> £ 
tSr^mt-t-*, »*«7, 8, 9, 10, 11, 1 

2, 13, 14, 15, 1 6<D^-ftiMz.W®,(Otm#. 

vmmmfam 
loo oil 

(0002] 

l^roftWl GaN, I n N, A 1 N*3j;tft*v6,<D 
#§fflZl 0-10738 4-&&miCffl*k£tl± 

¥m&i>~--?mmz7!Ffi><o-ehz> 0 mas^x* 7 1 
mkimm&L, 7 2tmmm^m±izim^ii±. mt 

3, 7 4n^m^u-^mcmjji:^rrh±^(om 
@, 7s«t-h^^ aa$s#) , 7 6tt:&ii^e> 

TVS, Ti, Cr, W, Ni, Zt, Mo, Al, V 
QifimfeZfa *<O<m.tt0. 1~0. 2<imT-&S. 

Jo 00 31 r©J:5*, i^Stt, JUTfc 

JO 0 0 4] tt&fc:, V7T47%f<DWt{mmtiL7 l_h 
i&mW) «c, Sfl^^^ft:^t>/j:-5^»K7 2S: 

3, 7 4&m&Lit<>^-*m-Miftfgtf-z. 



ft, !7 ^^-OgtBtc±fB&JSM 7 7 J; ») 

-fo***? SHE* WWteJBdW-* r t i5T?# S„ 
I0005] 

[0006] ±fB¥3g# u~ mm<oWklM\c$>\,y 

Efctt, &Jg^7 7isai$HTV^fc*»c, ^i/n— 
©SBo{Mi6»t), ^ffi©/^— VSr«SSi-<5w 

U t — f^g^O^JS^^^T?^*^^ 
10007] 

1 0 0 0 8 ] *»W©¥3|{«8)fc3|gH:, S^/«cS« 
ttSB^yt, 3a*S»tS:IB*, 

t /NV^i ©WlCli, mmfr 0 . 5 n mR± 1 2 n m« 

^5zbzmk-t-z*mw<o*mmmm. mm 
^ixxtammmm^^x, *mmm* 
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[0 0 0 9] #3§l8<0¥8l#38#igiil*, WB/Ny^* 
I n$r±fi!E#i fitrlSJB 1 O&JStt, Ti, Z 
r, Cr.McW, Fe, Zn, Cd, A 1 W>T*V 
*«r*A/-C«9, *&IEg|2©&JRli, Ni, A 
g. Au, Ga, In, Sn, Pb, S b <W>-f ft^S: 

[ooioj xmaimtmmmti:. m&~>*# 

Pb«r=i-fi££iLTft!5, WIB^lcD^Jitt, Ti, Z 
r, Cr^Mo, W, Fe, Ni, Pd, Pt, Cu, 
Zn, Cd, A10lrvftuft*&£A/C&9* «H2g?2(D 
&JRtt, Ag, Au, In, Sn, Pb, Sb©Vvf*t 

[ooii] *&m<o*mmmiWte. urn**?* 

SnSri^iU-C^t), gtHEHg l ©&Jitt, T i, z 
r, C r. Mo, W, Fe, Zn, Cd, A 1 (DVvfft 
a»«r£A/T»fc*>, |ffi^20r^Jitt, Cu, Ag, A 
u, Zn, In, Sn, Pb, S b (O^-ffrfrfrgA,-? 

[0 0 121 ^mm(o^mmmmti, mf^y* 
AuSrifi^tL-c/it), immi<D&m^ ti, z 

r, Cr,Mo,W, Fe, Al OV>-f*t*»Sr^A/-e/f 

8trl2^2<D^i»4, Ni, Pd, Ag, Au, Z 
n, Ga, In, Si, Ge, Sn, Pb, SbCV^f 

[0 0 13] *£S>JO^#38^E©SWifctt, & 
1 O&JBE*} J:tf & 2 *>&JBBI«-£tf#jil8l*iaW3i 

[ooi4] *m<o*mmft&mc>w&;m*, m 
[0 0 15] *&w<D*mm%£im<nm&3mt. t& 

[0 0 16] *^<D^«^8^K©gSt*&tt, W 

i-x%.ft2m±im®. u amw-s r 1 1 j: o , ttrES$ 

loftf«*R!Ri3a#d*> A>o, MB£2*>*MI 



[0 0 17] *f8W©^#3Sft&ffiO§^j£tt, M 

fagiMicfcttsig i (D&mmofmaK o. snm» 

± l 2 n mMTX-hZ r t Srl^S t 
[0 0 18] *«Wo^^3t^ll©4!!ii*fefi, «r 

EffiMMCSH* 5® 2 ©&J®g|©&|?riS, 3 n mRi: 2 
5 n m£lTT?fcS r £ t -ti. 
[00 19] *3SM(D^^3fc«goS!at*&tt, m 
|^i§«|5<D^5'^5tSt£*5E^[^2 0%eiTT'$>5 

[oo2o] *mv>!m#%mim<ow&>m. mm 

I n i LT ») , mm 1 <0&Ji«, 

Ti, Zr, Cr, Mo, W, Fe, Zn, Cd, Al 
©ir*«ta»«M/r*9, HtS2»20^JStt, Ni, A 
g, Au, Ga, In, Sn, Pb, S b W>-f JvdvSr 

[0021] *m\<o^ftmMm.<DWkmtt, m 

mrcsjr# P bSr^^t L-Ofc !3 , ?KFf2SBl<D&JS 
tt, Ti, Zr, Cr, Mo, W, Fe, Ni, Pd, 
20 Pt, Cu, Zn, Cd, A 1 <Dl>-f*L/5»£-£A/-C& 
t), S5i5H2©^JStt, Ag, Au, I n, Sn, P 
b, Sbro^ma»^A/T&Sri£^i-f-$,, 
[0022] ^^©^^^gwSlii^feH;, m 
IB/NV^ASSnSr^fifcfrt LT*t>, gfrfalg 1 O&Jg 
«, Ti, Zr, Cr, Mo, W, Fe, Zn, Cd, 

a i rov vma»&&A/-cfc o , m&m 2 c 

u, Ag, Au, Zn, In, Sn, Pb, SbWi* 

[0 0 2 3] *l§WO^^I83^fiwaSit*&tt, St 
30 IB/n V^A u k LTfc 9 , frffi^ 1 <D&M 

tt, Ti, Zr, Cr, Mo, W, Fe, Al©V>ftV 
ftVfcdA/CfeO, StlfBif2<D&JBtt, Ni, Pd, A 
g, Au, Zn, Ga, In, Si, Ge, Sn, P 
b, SbWftxfri-SAsT'ttZZkZmt.ktZ, 

[0024] >M3, ^mmw^a^x, m 

[0025] 

5. Sli*5VT, 1 0 im-JyjTWSX-h*), %<K> 

±izmm%*mft<omf* 1 0 2 as^stv-a**. 

^<b#J^^«:o®i«:i0 2<D^S5tli, ni 
€110 3, pW&l 0 4»&tt P>nTV^„ BLhdS, 

ffilctt, ?g 1 O&fSffil 1 0 5 ass»t btiXX D , $ e, 

t, $its^i 1 o±, tn&Mi<D&m&i 0 5t©ra 

so ic^v^l 1 2#^ft$ix5rt»c:J;«, ^ftw—f 
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s»*n*v^ /nv^i 1 2^icj4 N m2<n&mm 
ntiffii o 3tt, 3B#g#©-sst y-r+ 1 1 3 \cxm 

fMhlcfflfcZfa pffl&i 04ttbVi 1 1 hv-i^ i 
i4fcTt^fc»KSivci^s. rrf, ^111 
£ I4£*$S& not ttiffe^S^fc^gp^ig^jcm^ 

Ioo26] m 2 i&3eNK>jgftf^v\£¥w# t? 

^ySrHiro^fifSfrl 1 Oli-eC^h-f^itKDTOaS: 
*LTV*«. HK43V»T, Sfl^*^fc©8WM*: 1 0 
2{4, f-7r-YT»K«*»foJg|C, A 1 G a I aN/<? 
771201, n-AlGaUN3^^H20 
2, n-AlGa InN^7S'Kl2 0 3, n-AlG 
a InNtf-f KJI204, A 1 G a I nN^tt?#F 
f£te$205, p-AlGaInN^Fi206, p 
-AlGa InN^7yKl2 0 7 < p-AlGaln 
N=>^** Hg2 0 8dM^£;h/C#/£S;h,-tV>5. p 
^7yKl2 0 7*5Wp=W h®2 0 8(CJ4, * 
mglttKmtoLitx hy4yWJ yV2 1 l#Ktt 
fcJV P«m0 4£gfl^^#©;f»§#i 

0 2 trowictt, y s^gB^Sr&VvC, J6|i«2 1 Od5 

— f^-yylX ^t»&Z> !> h^WT^fig 
SrWLTV^. Sibfe^^fr^a^frl 02© 

iSBl03*n-AlGa InNa^^ Ml 2 0 2K 
WSittZiilizmVbtlX^Z. Stjldtt, l^— T^-s' 

^•osaaffl»j:fi^ i <D&mm 105 2 1 

0 6A«$it-CV>5. 

K0 0 2 7J «TK, El43J:U!S2^#R8Loo^ 
[0 0 2 8] HlftlC, ^^*<D|$£KfflV^*VC^ 
fc, H2l^tfcJ;p<c<S>er©i|^ft:^— f^fig^s^ 

l43 50tfmT*)i?, g{b&^^#<D|81# 1 0 2 © 

JO 0 2 91 ft*<DaffiKt>fB«Ui:«fc5^ * 

^r-TTSKlOKDSBOIS^e,, SF&fclXfi^j,?- 

aE4o~i2o tf mea*T(^<P3s-r5. r*, 

— Tffiffi^v-t^Sil^C^fiJrt-S^fctt, 3 5-8 



0/imi:, »«>Ki«1-5rfc*«H*U\ #SII6©0 
Mfc*»vCtt, WJaSrfflV^T!?i/N-©IP^Srl 00 
pmfcHESEU *:©&, Qtffl&im^x 5 0 nmt.Xffl 
SLfc. ?^-<DgKI«F«fc£9e;i\h,T^3© 

10 10 0 3 01 !7 s^-jJffifcSg 1 ©&MIBI 1 0 

5, $&2©^^10 6£|i|B^£Lfc. &1 
(O&mt&l 0 5{4S^-CfcS-^77-<'Tt^*ttdSJ; 

&2©&Slgl0 6fc:r±, -7>»h(D^ ±|S^>vy 
1 1 2tS^-L J H-V^JlSrS3e^-5^)jsJ)5 o ^ 
1£©^I&»C:|3V >Ttt, S§ 1 ©&JSK 10 5 fcttl&p: 3 n 
m©Mo$\ 82©&H&1 0 6KI4Oip:i 0nm©A 

BH&X £ ©f^fc&ffl V \fc 2\ Y*y7"l^-f^y/ft 
^/^^©^©^iSrflJvvCfc&V^ 
-Ct>ftv\, *^-^fcKtt?>;h,fc;:;ft$>2JI©&iS 

10 0 3 11 ^(D^, ^s/7*^SilXS^it>, ^^/n- 

30 jja^b^fc^^-srgf „ mmmzmw^ 

is hW>hXX? y 4 77 A ^SrAftfc. ^AtvttB 
tt, 02(Cfel,NTiB-§-2 2 0-^$HTl^5W—K ! ^y 

t>, ^u.»*ds#e>*t5rtttm7*-ct*v\ <&©^ 

9yv9*£X,$^ Ztv*x? 74774 >t-t*u 

mu z<mftmmitxm?jivtoi.mo. u- 
so ajjwi&rfcofc. 
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10 0 3 2] **Wfc*iV^Ttt, mW£& 

[0 0 3 33 {rjftsf'jyirwz.t.v, 

T, 3t«fS^ll 0«CutU<liFe^r±«:i:i-5^ 
«a>e>&»J. -t^BlCN i K/Aul#H:> 
f&Ztl?ti><nX&Z. 1 2fctt, InSrfflV\ 

<i>«fcv>U ft&oSilK^jSfe^^fi. m%&^ x/^ifc, 
< fiS n k -TZ'^mmitVS: 5 in, ffiuc 

3t&gfcl 1 0*1 9 0 < CSao^V^©S^ < t»)^F 

jSv^iia^An^u, ^yamtf ft.ii z^>x-, ±ie# 

^SKl0 6i^>-yi l 2 t^iOUSS**^, Zti 

k t — -r^ v frnmn it * j: 5 k ut h <k if\ 

[0 0 3 4J r.5LT, Sll^tfcfrldfeO^ffi©^ 
[0 0 3SJ ±!BlSfcJ;»)v>»'h$tvfci^— if^y 

afr^fctr^ Aua>^/.e;5fB2<D&jgBSi o 6 

IS, \ithH»^>tr\ 1 2|rgfttiiA/CL*o"t®o 

Hff#«V\ ) Mort>kftS$l<D&JK8ll0 5 

g#±K, (fc£U ®2©&Jg||g-eS)5Au*S 

-S5fc&l*>iA/-C^.5) *5.tO^!IC3nmOMo^P)/£ 

SftTvyfc. i§£LfcSli«>&JBffiltt, 

3 OK/WPfcot, 
[0 0 3 6J r<D^4S«i-5fc«)t N Au«>W5I 
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holt. -<oJ:5*c^JSM5rJ?<^ fi gL.fccot?, 

*mmtfrw\$m&\.x. mm#v>WMi:m<<tc 

k^ Au^t,^5^2(D ; &JiK«:^lc^#LT*5 
10 0 3 7 J MofrhttZMl <D&m&mfflm<0&£ 

to. i»mt &z.itm**$m<mm t mu<oimx 

£L1tbZL^ 3 5K/Wti,ofc, Sfc, rcDi^Jc 

®$<D**mL.x^ti?Lk^ xmrnmrnkmrn 
x\ *$m<mnktmvx, ttv^ trrfrxtt&z 

[00381 ^1 W^JH^O^^n i ir^xfeBM 

m3i:miiu m&ftzmmvitkz^ ook/w 

Srfi®i"5 i <t i^mxho it. -rVyhZtittu—if 

^?7*%ftgffii^\%Mifi\,x. immtnim.* 
SKfctr^ m<o&mm$i£itm2<D&mmkh& 

im<o®&kimLxM!t>xm^tc. ztux mix 

i. t/m 2 <D&gBI t l-I^SrS^ LTR*Hffi|as s ft-e ^ 
y HS*fc» 1 J;U!|g 2 <D^JRig£ t/NV^lC^lt 

&a,xl*\\ •*t»-m<o&%m\z.i3^xi*^>y 
k*7 7 '(Tmik#mmLx^szkkt£^ <to 

I0 0 3 9J Sl2<D^&*^Lfct3tfi>»4, *HJg<0 
«Lfc. rixli, y-#fliz^y.$rkfc&-fz>&mm 
[00401 ELb<D£g&g3!l-5 fcfto J: 9 fc46. 
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1 & 2 (o^jg^t h'^?\zmr&kX' us 5 

fcTifeS. ZO&c%BLxm*e>&mim&mtL1t 
fc £ 5, /N>y*J I n LTfcS t * 
1 bTT i , Zr, Cr, Mo. W, Fe, 

Zn, Cd, Al<^vma>Sr^A/T-«j&Lfci#Kg 
0ftJ£*O5#e>;ft, |&2©&jiKiLTNi, Ag, A 
">G«< ln> Sn, Pb, Sb<D\,^?j%ii*tr£A,-? 

m&Litkz km*&%iw htitt, 

T, T i, Zr, Cr,Mo> W, Fe, Ni % Pd, 
Pt, Cu, Zn, Cd, A 1 <OV>-ftt^Sr^-A/-Cfi|fi£ 
LfcitfcjyjfcfcJfeiS^jt, S&2<0&JSBIi:UC, 
Ag, Au, In, Sn, Pb, S b£H">-f;h,;&»$r£A/ 

"CIS, *ffi<0^ffi3*5j;Ut4-CSaSiM-r5o 
S n 1 # fcfi, & 1 0>&mmb L 

T, Ti, Zr, C ri Mo,W ( Ni, Pd, P t, 
Cd «Al©V >-f*ta>$r&A/-e#lfifc Ufc t # 
** S #P>^ l&2<D&Jlil8l£L-C Cu« Ag, Au, 
Zn, In, Sn, Pb, S b©ir^-fil*»Sr^A/-e^fifc 

£fifc£ t LTftS b % fcli, M 1 (O&m&b LT, T 
i, Zr, Cr,Mo. W, Fe, A 1 WftlfrirS 

£LT, Ni, Pd, Ag, Au, Zn, Ga, In, 
Si, Ge, Sn, Pb, S b<0^-rtlfr$rgA,xm&. 

i>±tzKtefmmmt>titttfznic^x^ m 
M<mm 8RU9 xwmiw-rz. 
(oo4ii ^e>»c, %si<o&mmiz.-o^xi* % -^v^ 
h suit u~ irrryttwmto^mmwi 

&®-c*>3. zomcms vxm 1 o&mmtm:mfe 

Litbz^ ^7r^T (o-Ai 2 Oa) , /nr- (« 
-AlzOs: Ct) , (S i 0 8 ) , Mg A I 
aOs, MgGaaO*, NdGaOa, LiGaOa, Li 

aioz, zno, Mgo^ommmmLx^ 

Ti, V, Zr, Ta, Cr, Mo, W, Fe, Co, 
N i , A 1 , Si, G eO^-ftifri^AsXmf&Lltb 
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Ttt, Mg, Ti, Zr, Cr,Mo,W, Fe, C 
o, Ni, Pd, Ag, Zn, Al, Si, GeCDtvf 

[0 0 4 2] fttc, »l*5j;Ut^2<D^Ja^)Mfp:^o 

[0043] S^O&IKOB&trt^oj^Qio 

5, &g#7nmg&fc;fcofcitfc:, *3L/N-gS;i> 
fe©*ffi«it<OB&WT*litK&.ofc 0 ^2©^jg^<D 
10 *3*ft*0TfiMK (3nm) tt7ttflc«, B89tfS 

T\ 0. 5nmRh^y^ft„ 

[0044] ifilc, |g i <DARR©J|t$.Sr^a6<o^|8 

®3nm|CKU f&2(0&mm<om£&&X.1tbZ. 

^a-rfc5AuSrfflv>Tv>5©T?, mi<D&mmktm 
i-zbm*>xmzitzi>K mwi enmssic^ 

Klfcofc. MKO^jgKoff^^^-pBgffi (0. 5 
nm) iLfcitKtt, ffi8?;4$2 5 nmSgtftofci: 
# «r, ? i/N-gfffi^f, <o&mffi&(o nW.t>s^*im\zti: 
•ofc. B2©^JlKt LTAu£W©^^rS^ 
Lfc t §: fCft, ±mm& 15nmi:t5ri *5#* L*> 
ofc. ^OTfEKov-ai, i"i?>mic;^yb+ 

L^V^^^JiefLfctr^, 3nmStTi,ofc. 
[0 0 4 5] l^«ra^3aLr^ttJ;<ft 

» ^t^hmimbtiztmmtiLizbz 

H2©^B»SAut?*>*4^, 1~4. 5nm© 
ffiffliC*>5Sr 1 (0^Jg|g!{c, KUt 5 ~ 1 5 n mOffiffllc 
htm 2 ©^HK^ai Ufc«fifi - t 
o^t, *2W^iEK^±3$OAu£W-©tt^J>5# 

1~4. 5nm©fi5ffl»c*,<5»10^JSK»c, K)f 

3 ~ i o nm<oim^*>z% 2 v&mmzm Litmrn 

bi-ZZbi>mXLi>^1t 0 

[0046] fiLtJfc^fc J; 1 fc, *HJS(D^fig»C iit 

a, *tvetv&#>xm\,^miz.wz£tiitmm$:Gu 

0 -B*wttaSr^oT^5mi4kJg|g*;j;tm2^JS^ 

-amim^mmK ^bmumwizmmm 
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® 2 &JSK£j§£1-5 r t ic J: ») , afff <d^v ^feMlg|£ 

¥*8ft if^ttSr^Mtta < mrr 5 J: 5 

(4. Snm) , &20&JSK (4. 5nm) SrJfccOifi 

foo4 7i mio&mm. m2<D&®wo = cr 

i,Ni), (Ti,Ag), (Ti, Au), (T 

i, Ga) , (Ti, In), (Ti, Sn) , (T 

i, Pb) , (Ti, Sb) , (Zr.Ni), (Z 

Ag) , (Zr, Au) , (Zt, Ga) , (Z 

r. In) , (Zr, Sn) , (Zr, Pb) , (Z 

r, Sb) , (Cr> Ni) , (Cr, Ag) , (C 

r, Au) , (Cr, Ga) , (Cr, In), (C 

r, Sn) , (Cr, Pb) , (Cr, Sb), (M 

o, Ni), (Mo, Ag) , (Mo, Ga) , (M 

o. In) , (Mo, Sn) , (Mo, Pb) , (M 

0, Sb) , (W, Ni), (W, Ag) , (W, A 
u) , (W, Ga) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Fe, Ni), (F 

e, Ag) , (Fe, Au) , (Fe, Ga) , (F 

e. In) , (Fe, Sn) , (Fe, Pb) , (F 

e, Sb) , (Al, Ni) , (Al, Ag) , (A 

'I. Au), (Al, Ga) , (Al, In), (A 

1, Sn) , (Al, Pb) , (Al, Sb) „ 
10 0 4 8] ±IBV>-f*V©ia^i7ti:^43V^b, 

ta«2 9~3 5K/W;JS®kft, t 

110049J %2<r>m,m>m^i:^mfoim(OA. 

-5, W# 1 0 n m8Il:4ofc t £ fc, ?:r/N-g 



(8) 
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KoffSfr^ificDTISfii Onm) fcLfcitWi, R 
W^i 2nmSfSfr/ < cofcitu:, V =.^—&mfrb<r> 

^tewsmtit&mmktezoT** o. snmRhass 

04. SnmKB&U IB 2 ©^fl|<0fl: 
-5, »2©&JgfflH;:ra:, lt®W»rm«T?<^g®^<Dil! 
10 Ir^-CfeSAuSrfflV^^, 81**52 Onmg&K 

(0. 5 nm) £ Lfci tlctt, BIWJ2 5 nmS££ 

"TtB^ftofc. £fc, ^2<D^JBKtLTAueW©W 
»SrS^Lfct#Wi, .hffittfcl 5 ninths CLitfS 

[0 0 5 0] KgC*S*^HUT^ffl4J:<fi : 

•5, &2©&Jg|K;a*Au-eS>3&3-, l~4. SnmO 
$6Bt'fc5& 1 ft&m&Ks &J¥5~1 5 nmOffifflfc: 

i~4. sntn(Di$m\z.hzmi<D&mMz. > mm 

3~1 0 nm©®HtCfe5m2©&JS^S-«®Lfc«ig 

M m&<omm 3 ) $m<mm 1 s«srr ^ k 

[005 1] «T»i, *ffiO«ffiUj:iJ»t<bi|^«:i^- 

[oo5 2] il^^^:|g^wi!!Jttffl^^^,^tTv^ 

GfttZo *IS6<D^jilC*5V^, S«©j?^«:3 0 0 

[0053] fttC, G a Ng&roffitBflJto*?., flf^t U 
©^•Sr, ii^6 0~2 0 0,tmSffi*-e»C#<||Sti- 
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J;9^ttT^5<D-T?JFe>-C*>0, £fc, SfcWGaN 

[oo54i v =.^-mmim 1 <d&jrbs, is 2 

5o **J6w»ffit*5V>r»i, &l©&JS&4r^g3n 
miU 02©£JK&4r&gi Oamilfc. r<z>J;5 

K0 0 5 5J -*-<Dge, ^:/#§<lIg{Cj;», 

*VhU (GaNSfi) WttVK 

B2t*3V>TIS#2 2 0t?^$*tTl>5 l^-Vf-yfO) 

£5ftte©33fc*fflvvck, raWft**#6,*v«ri:tt 
*5*-et>4v*. <rJi©33fci: lt, «M-lry-t>L<tt 
WSJ u- h'im ^xmMih L < tt308r$r*T ? *V > 

E0 0 5 6J CKDiplc, #38Wfc*5l,vCtts SWfcg 
II 0 0 5 7 ] {We, ^ jKvt^ ^^jSfefcJ: t) , U— »f 
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£J$*fcf*C u t L< I4F e $r±#£1-3&JSa»P>£ 
9 > *r©&SfcN i K/A u KMmc jt y § ftfc 
t)WC&5„ <"^fctt, InSrffiV\ : t<nm>iiiV& 
1 ~ 2 0 tf mSiffecfc, ^jTtiZ. CD J; ? 

$H8lif£fc0!l;itf, gjggg, 

\m, ^teom&xM^mtimKXQwtvzzt&tii- 

SS^U H20&Jg®t/NV^tS r< };<f|l|fe^ 
[0 0 5 8] i ? LT, SHC^Ufc(Oi:S(a©*ia£ 

[0 0 5 91 ±miM££'9-i'$yh£ti±u—y ! 3-y 
ytttmtfrbmimcmm&Lx. mm#<oft 

ftu-ifr-yrtwmsyzjxx^it. *5US© 
0flHc*J»t<5^ 1 (D&JER ^ 2 o^Kfi^om^ 

[00601 wi<o&mm, m2<o&mwo = ( T 

i, Ni) , (Ti, Ag) , (Ti, Au), (T 
'< Ga) , (Ti, In), (Ti, Sn) , (T 
i, Pb) „ (Ti, Sb) , (Zr.Ni), (z 
'> As) , (Zr,Au), (Zr, 6a), (Z 
r. In) , (Zr, Sn) , (Zr x Pb) , (Z 
«0 r, Sb) % (Cr, Ni) , (Cr, Ag) , (C 
r > Au) , (Cr, Ga), (Cr, In), (C 
r, Sn) , (Cr, Pb) , (Cr, Sb), (M 
o, Ni) , (Mo, Ag) , (Mo, Au) , (M 
o, Ga) , (Mo, In) , (Mo, Sn) , (M 
o, Pb) , (Mo, Sb) , (W, Ni), (W, A 
g) , (W, Au) , (W, Ga) , (W, In), 
(W, Sn) , (W, Pb), (W, Sb), (Fe, 
Ni), (Fe, Ag) , (Fe, Au) , (Fe, G 
a) , (Fe, In) , (Fe, Sn) , (Fe, P 
» b) , (Fe, Sb) , (Zn, Ni) , (Zn, A 
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g) , (Zn, Au) , (Zn, Ga) , (Zn, I 
n) , (Zn, Sn) , (Zn, Pb) , (Zn, S 
b) , (Cd, Ni) , (Cd, Ag) . (Cd, A 
u) , (Cd, Ga) , (Cd, I n) (Cd> S 
n) , (Cd, Pb) , (Cd, Sb), (Al v N 
i) , (A I > A g ) , (AU Au) , (AUG 

a) , (AK In), (Al, Sn), (A 1, P 

b) (AU Sb) . 

j^vfjftoj^frj^Kjijv vc t , mm,m 2 0 ~ 2 

100 e u m$$j:xfin2<D&mm<oim\zi 
1 0 0 6 2] m 2 <D^js^coi? £ %%:$m<mm<D 1 0 

5, IKI|Ctf7nmgSK:jfcofci:tfc:, 

f$i«OTie (3nm) iUfcfctfcf*, HPtf 
1 2 nrngSKftofc £ # Jc, £aov-gffia»t><D^ffi 

!^S«^J**H3i^45<D-^ 0. 5nm«±jJSM*L 

HO 0 6 31 flf l oAMIto*$tr4gnk«MWi 
OSamfciSU »2<D^KoffStr^fci:r 

£>, ® 2 o^n^ctt, Jt®w^m«-eos® ^©i6v * 

^JRT?&5AuSrfflV>TV^O-C, Hl©&Bgt&Jt& 

fettle ^i^~s®A>e,©«Efiiiit©Bft^nrte 

fcfcofc. $ 1 <D&Jl&tf>J?$ &iKfi£cD"FJ8ffi (0. 5 
nm) bL1tb%iz.ti. Bt%»*2 5 nmgaicfcofci 
tit, £ b<o$ffi#tjgc7) § m*s^P HTt6(- ft 
ojt. ^2(D^Jg|gibrAu£«1-(0|t^®)5 
LfcitfcW:, JdSfllfcl 6nmb-rz>Z.biW$>Vt>* 

l^HMtt»&IWrLfc:&£&, 3nmSSTfcofc, 
I0 0 6 4J S&fc, BS¥*«*£HLT£MttJ:<£ 

» ▼ * * h&ftm btiztm&v&t Lttbz 

6, &2<D&jg®»SAu-Cife.£>*&£, 1~4. 5nm£D 

2 <0&JgJg«rgU§ UttfRKi -f 5 r b #ffl* L*» 
ofc. ^2©AJi^JbJfi©Au£W|-<DWt?*>5li 
£\ 1~4. 5nm«W:fc5$ 1 (D&J^KK, KJ¥ 
3~ 1 0 nmOffltfeSS 2 <0&@g|$rgtfi Lfc*?it 

J0 0 6 5J £Lk, S6»©Jg«U. 2, 3»C*5V>T. /> 
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I n £ LtzAK iittt. UT I n SrS 

t#<^tHlfccO/N^*«sfpt)J:^„ Int, Ag, S 
n, Pb, AU Ge, G nO^TtvUl^iS^^tltz^ 

>mm^^x%m.<owmi, 2, 3 

Sn (SnlOwt%) tU S&ltf>&J|?K, &2<D& 
«K3rjJ:©ffi^J>ti:t Lfc<ffi,fi, ISSfifD^ffi l £|!?|® 
KLT¥ig#U*- mWZimirlt. ItKU-rt^h 
10 ^^©SilHS&Kfcfc-e-T, 3 3 0 

[0066] (SlKD&JRIgl. $2O&JgB0 = (T 
U Ag) , (Ti, Au) , (Ti, In), (T 
Sn), (T i, Pb) , (T i, Sb) , (Z 
r, Ag) , (Zr, Au) , (Zr, In), (z 
r, Sn) , (Zr, Pb) , (Zr, Sb), (C 
r, Ag) , (Cr, Au) , (Cr, In), (C 
r, Sn) , (Cr, Pb) , (Cr, Sb), (M 
o, Ag) , (Mo, Au) , (Mo, I n) , (M 

20 o, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
Ag) , (W, Au) , (W, In), (W, Sn) , 
(W, Pb) , (W, Sb), (Fe, Ag) , (F 
e, Au) , (Fe, In) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (Ni, Ag) , (N 
U Au) , (Ni, In) , (Ni, Sn) , (N 
U Pb) , (Ni, Sb) , (P tS i, Ag) , 
(PtSi, Au) , (PtSi, In) , (PtS 
U Sn) , (PtS i, Pb) , (PtSi, S 
b) , (Al, Ag) , (AU Au) , (Al, I 

30 n) , (AUSn), (Al, Pb) , (A1,S 
b) . 

10 0 6 7] ±IEV^-ftW3ffl^i>Br|c*JV%Tfc, J&Jg 
*tfi2 9~3 5K/WiS#?,it, *om<omc^T 
"fe, ^<Offl&llZ.ffi&l,1ti 3 <obW}Q<0%3m t V$&£ 

tut, , &mm<oim\c^^xix $m<mm 
n^LtKobmcfm^^x. mm<oj&mi bm*$ 

SnAg (Sn5wt%, Ag2. 5wt%) b L, fg 

<o i <o&mm, n 2 <o^mm^<Dm^ty± bhitm 
it, $m<mm 1 1 m&\c Lx>m# u-immznm 

®a^*)J>frT, 3 2 0 < Ct^J|Lfc. 

10 0 6 8] (MlO^JiK, ®2©&JBK) = (T 

U Ag) , (Ti, Au) , (T i , In), (T 

i, Sn) , (Ti, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au) , (Zr, I n) , (Z 

r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 

r, Ag) , (Cr. Au) , (Cr, I n) , (C 

» r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 
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o, Ag) , (Mo v Au) , (Mo, In) , (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
Ag) % (W, Au) , (W, In), (W, Sn) , 

(W, Pb) , (W, Sb) , (Fe, Ag) , (F 
e, Au) , (Fe, In) , (Fe, Sn) , (F 
e, Pb) , (Fe, Sb) , (N i, Ag) , (N 

1, Au) , (N i , In), (N i, Sn) , (N 
i, Pb) , (Ni, Sb) , (Pd, Ag) , (P 
d\ Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) . (Pd, Sb) , (P t S i, Ag) , 

(PtS i, Au) , (PtS i. In) , (PtS 
i, Sn) , (PtS i, Pb) , (P tS i, S 
b) , (C u, Ag), (Cu,Au), (Cu, I 
n) , (Cu, Sn) , (Cu, Pb) , (Cu, S 
b) , (Zn, Ag) , (Zn, Au) , (Zn, I 
n) , (Z n, S n) , (Zn, Pb) , (Zn, S 
b) , (Al, Ag) , (Al, Au) , (A 1 , I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) 

tmmztvtto rtvtt, ^r-friOfc^T, g a no 

SrPbSn (SnlOwt%) tKliPbSnAg 
(Sn5wt%, Ag2. 5wt%) t V1t*K Zfr 

-Cfc<fcV\> Pbte, Ag, Sn, Sb, In, Ga, Z 

u % i <D&mm, m 2 <D&mmz&<o&*&txtt l 
ioo7o] mio&sm. %2<D&mm = (t 

is Ag) , (T i , Au) , (Ti, In), (T 

i, Sn) , (Ti, Pb) , (T i, Sb) , (Z 

r, Ag) , (Zr, Au) , (Zr, In) , (Z 

r, Sn) , (Zr, Pb) , (Zr, Sb) , (C 

r, Ag) , (Cr, Au) , (Cr, I n) , (C 

r, Sn) , (Cr, Pb) , (Cr, Sb) , (M 

o, Ag) , (Mo, Au) , (Mo, I n) , (M 

o. Sn) , (Mo, Pb) , (Mo, Sb) , (W, 

Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb), (Ni, Ag) , (N 



i, Au) , (Ni, I n) , (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (PtS i, Ag) , 
(PtSi, Au) , (PtSi, In) , (PtS 
i , Sn) , (P t S i, Pb) , (P t S i, S 
b) , (Al, Ag) , (Al,Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
b) o 

[007 1] ±IBV>'m(Da^*>frlCjoV>Tfc, f?&g 
fttt 2 9 - 3 5 K/W##£>ft, $m(DMM 1 t m*$<D 

it* 

u (Aul0wt%) fcU fglO&JSBI, &20&JR 

10072] (BKO^Jg^ m2CD^Jg^) - (T 

i. Ag) , (T i , Au) , (Ti,In), (T 

i, Sn) , (T i, Pb) , (Ti, Sb) , (Z 

r, Ag) , (Zr, Au) , (Z r , In) , (Z 

r, Sn) , (Zr, Pb) , (Z r , Sb) , (C 

r, Ag) , (Cr, Au) , (C r , In), (C 

r, Sn) , (Cr, Pb) , (C r , Sb) , (M 

o, Ag) , (Mo, Au) , (Mo, In) , (M 

0, Sn) , (Mo, Pb) , (Mo, Sb) , (W, 
30 Ag) , (W, Au) , (W, In) , (W, Sn) , 

(W, Pb) , (W, Sb) , (Ni, Ag) , (N 

1, Au) , (Ni, In) , (Ni, Sn) , (N 
i, Pb) , (Ni, Sb) , (Pd, Ag) , (P 
d, Au) , (Pd, In) , (Pd, Sn) , (P 
d, Pb) , (Pd, Sb) , (PtSi, Ag) , 

(PtSi,Au), (PtSi, In), (PtS 
i, Sn) , (PtS i, Pb) , (PtS i, S 
b) , (Al, Ag) , (Al, Au) , (Al, I 
n) , (Al, Sn) , (Al, Pb) , (A 1 , S 
40 b) 0 

[0073] ±fBV^Ojft^t^^*5VNTt>, 

ftte2 0-2 6K/w##e>*u Hteo»ffi6J:9tS 

[00 74] Rh, S£ffi(D7g1&6, 7K431VC, 
» SrSntb<«SnAu (Aul0wt%) i Lfc#, 
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ZtUX £&M&t LTSnSr*t>#<-&trt&0^y^ 
W^t>J:^ 0 SnK, Ag, Pb, Sb, In, Z 
n, Cu, A u <D^?)Tlfrtim&£h1t^>yffi%\Z& 

n (sn20wt%> tu %i<D&mm, m2<o&m 
rnmix '^rommmcihfrtx, 3 3 otfc* 

[00 7 5] (IgKO^JRK, fg20&JiBD = (T 
i, Ni) , (Ti, Pd), (TU Ag) , (T 
is Au)\ (Ti, Zn) , (Ti,Ga), (T 
i, In), (Ti, AuS i) , (Ti; Sn) , 
(Ti, Pb) , (Ti, Sb) , (Zr, Ni) , 
(Zr, Pd) , (Zr, Ag) , (Zr, Au) , 
(Zr, Zn) , (Zr, Ga) , (Zr, In) , 
(Zr, AuS i) % (Zr, Sn) , (Zr, P 
b) , (Zr, Sb) , (Cr, Ni) , (Cr,P 
d) , ( (Cr, Ag) , (Cr, Au) , (C r „ Z 
n) , (Cr, Ga) , (C r , I n) , (Cr, Au 
Si) , (Cr, Sn) , (Cr, Pb) , (C r , S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, In), (Mo,AuSi), (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W,.N 
i) , (W, Pd) , (W, Ag) , (W, Au) , 
(W, Zn) , (W, Ga) , (W, In), (W, A 

uSi) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni), (Fe, Pd) , (F e, A 
g) , (Fe, Au) , (Fe, Zn) , (Fe, G 
a), (Fe, In), (Fe,AuSi), (Fe, 
Sn) , (Fe, Pb) , (Fe, Sb) . 

IOO 7 61 ±IBV>i*iT^>m^^Ct5V>Tt, 

$m 2 8 -3 4 K/w##b*v, $m<omm 1 1 m%<o 

n (Sn20wt%) *U fSlO&MBI, ®2*>&JS 

[00 7 7] Sg20&JgIg|) = (T 

i, Ni) , (Ti, Pd) , (Ti, Ag) , (T 

i, Au) , (Ti, Zn) , (Ti, Ga) , (T 

i.In), (Ti,AuSi), (Ti, Sn), 



(Ti, Pb) , (Ti, Sb) , (Zr, Ni) , 
(Zr, Pd) , (Zr, Ag) , (Z r , Au) , 
(Z r, Zn) , (Z r, Ga) , (Z r, I n) , 
(Zr, AuS i) , (Zr, Sn) , (Zr, P 
b) , (Zr, Sb) , (Cr, Ni) , (Cr, P 
d) , (Cr, Ag) , (Cr, Au) , (C r , Z 
n) , (Cr, Ga) , (C r , In) , (C r , Au 
S i) , (Cr, Sn) , (Cr, Pb) , (C r , S 
b) , (Mo, Ni) , (Mo, Pd) , (Mo, A 
10 g) , (Mo, Au) , (Mo, Zn) , (Mo, G 

a) , (Mo, In), (Mo, AuSi), (Mo, 
Sn) , (Mo, Pb) , (Mo, Sb) , (W, N 
i) ,. (W, Pd) , (W, Ag) , <W, Au) , 
(W, Zn) , (W, Ga) , (W, In), (W, A 

uS i) , (W, Sn) , (W, Pb) , (W, S 

b) , (Fe, Ni) , (Fe, Pd) , (Fe, A 
g) s (Fe, Au) , (Fe, Zn) , (Fe, G 
a), (Fe, In), (Fe, AuSi), (Fe, 
Sn) , (Fe, Pb) , (Fe, S b) c 

20 [0078] ±iav>rti^ia^^c*5VNTt>, $m 

SrAuSn (Sn2 0wt%) tVittK -tUS, 
\f\ o AulC, Ag, Sn, Sb, In, Ga, Ge, 

[0080] ELt, 9mom®l*^L9{Z}S^Xft<< 

it£?\c y *&w\c±titt, %ti?ti&it>xm^tm\z 
mfeztitcsmmu ±&<o&n*#^xtezmi& 

50 ^^ir^e«r^rS3^Tfo^o 0(c*5V>r, *6g 
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i o i itt? 7 4 rmmxh v s *o±te*fl3*3RJ|y» 

£&©«»fcl 0 20&®ICtt, nttffil 0 3, p«ffi 

3 o o tifcfi, N^tftw— tff s^ome-c 

Jb5f-7 7 >TT««Tiiil-li, S&1O&JSM3 0 5, £ 
£f#£#3 iotoBKy>^3 1 2*^ft$*v5wt 
£'««&h/-CV$. &2©&JWg3 0 6 tOii:: 3 iT 

^v/3 1 2«^ic«:, g^o&jRmmt^nj- 

&to£-&6JHro&£S*vCV>-5. n'ttl&l 0 3 

3tfS«flaD--gl5tSM'-t3 1 3 \cxm5ffi\c&ffi£ 
*v> pmmi 0 4I4*V3 1 1 i!M-t3 1 4iz.XWM. 
WfcSSR^ivtVS. fV3 1 1 i:tt335f£#: 

3 10 tttte&S^fe^-fiegSKiWJ-^tWt^^tt, 

I o o 8 1 ] m 4 tt^llifeOJ&ffifCjB V U-if 

^if^j/7*«:3t#g#3 1 0 fcv $ > h-t"5ttO*«« 

0 OOSBtll, & 1 ©&JB&*5.fcU<&2<£>&jg&3 0 
Gi)WfSte)nXi$<0. ^2©^JSK3 0 6JCttt 

3 2 0) **Rttt>*VC*S!J, rrSriiCT, T^T^ffi 

S©SS3 20»4, ^lS0«m, 3^6^11 0 M m<D 

CO 0 8 21 ®3&£Tm4 &#J$ Loo** 

10 0 8 31 ^«^^OjSigtfflv>e>^T^ 
S^a-fexSr^ij^UT, f-^rWT&Rl 0 1± 

k, H2i^ufc«*cDii^«cw— mmmmtfLis 
-*#5iett, mtosffix-hzox^ *<omw£&&, 

0^mt?fet> % MS&£^fc©ig^#10 2e0h-* 
I0 0 8 4J jfcl^ fc^fi^fcifE&Lfc.fcpl::, f" 

ii«4 0~12 0amSS*-T?»c»<g|S-r-5. rtt 
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?- WHWtelBfifrfSlMtett, 3 5 ~8 

o/« mt, *fticusi-5rt^a*u\ *mm<oM 

fSlcfcvvtte, WSiJ«Srfflv^i>=/N-©j|^4 1 2 0 

10 1 0 0 8 5 j ^^-Mm\m 1 w^js^3 0 

5, £2»^|g3 0 6$rflIt)fcJ&£Lfc. Cit, gll 
W&JR&3 0 StiWRXbZV'yrJTb&m&iiiZ. 

1 2t^Uc<V^JiSrSj^t-5 i ^giSj > !9 x 
§52<£&&g|3 0 6»cfit, v^vhoic, ±f£/»-y 
3 1 2 < t^U J H-V^SrS^f5^^fc5o 
teO«ffi^w^oV^T«, J| 1 ©&JRK3 0 5 t LT^P3 
n m©M o Sr^js£ U ^ 2 <D&Mm<D-U £ LXggm 3 

tit), ^©2 0 0nmOAu$r§btefi£&U *tv*» 
7* h h fc*lcSSS53 2 OfC^^itfcA 

feSP^IC m2<0^|ilgco-a5tUT$fc{CJi[<AuSr 
fia^fifflV^tfil^ SiiSP3 2 0fc*V%T, 

^-<omsmi>^ ^-%mfrLxmm\m&£titz 
mmzvmi-m&xziz. 

[0 0 8 61 ^(om. 7-iy7£$ixmic3:*). <7*^- 

14, 02^*3V>TIB#2 2O-C*$HTV>51^— if^s' 

SI^jSriDx, ^.^ 7^7*7^ ^SioT ^oi/n-^ 
SH-Sri-C, 041^**15*5*, m+Vi'—f'f- 
y?zm$i\,1t. z.z.x-ftxtj'ftryymcxzT-y 

7*7>««isicov^MUitij5, &&msm>b& m 
QtMixj-yfiftmrzimikis^x. wimz.?? 
^^>-htisjmxh<o. ^<o&?tm<o¥mi:m*x 
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&Aftt> U < WSOmrfc 5 ^ 

J00 8 7] *^WI^>Ttt, 
loo 8 8] ^^y^^v^jfeicj:*), 

©J^KSaSLfc. @3KJj*£*v5£«f£#3 0 

lfc, ^^3 1 2Sr^*Lfc. *IQfi(0^ffit*3V> 
$«f^30 lttCu*>L<«Fe-£r±#i:-r.5& 
*©&ffilCN i fig/A uMPMfejt y** 

£*l«cDJ53M4 1 ~ 2 0 u mlSffcofc, 

< lis n *£&ftt-rZ">y<o®&<D J; 5 fc» £itfc 
SfcT&v^&fcJ; DKl*©J&ftas "TitT* SOT?, 

*$m<mm<D£ 5 3 o ni?iiat!>£>;o»c«>i9: 

l*«£fc*&£LV\ £*3f&«:3 0 1$:1 

U '^y&mVttkZZX; JJB#P>*vfcl^— tf^y 

^3 1 2£&&<8fl&*i£fc <> rtWCfc*), &2W& 
^#**£tf>£-&#El3IC^S;}v5'NVy3 1 2<0— & 

loo 8 9j r5tT, m\zj*viz*$m<mmo* 

[00 90] ±&JM\C)i*)T$>hZitftl'"?<?y 

frbb 3H 2 O&mm 3 0 6 J4+#ld?v >©T? N %<D- 
m*'^?3 1 2t»«tiiA/-Ct*o-CV^<D^l? x -7 

j>f vi^m\>mmm^\,x\^ fc*>\ sietwi, 

MoA»P>Ji5®l©4^K3 0 5«^(D*4^7r 

mm 3 o 6 r TSteSffi{n^^ L^^ffi-e* 
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2<D^ME^Siig)53 2 0£&ttfcV>Ml4*IIJ6cO^ji 

t mmx-h z9m<mm intz. skis® ttcnm 
■i^tt 1 jc*jjts^fi«;2 8 K/vftmtrzt. mt 

iagP3 2o*i9:WTt, 58«*i:«DeftmjjspcT?fe5 
Co 0 9 2] m2<o&mm*G®\,itKi>^ ^mmn 

20 [ 0 0 9 3 ] m 1 w&jRE£>*ms-N i t £*.fci3! *m 
mmsitmu mmim^ittz^ 4ok/w 

s>z>'^y-wm&i>K &<<omcm&.isKxh* 
10094] suxozmzmm- <5 1 j>co± 5 

H2(D^K<0S^^i:UT, aaS<^#ttlfc8B« 
10 0 9 5] St>|Jl, Hl(D&JBKtoV^I4, -^^^ 
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ufc t # kwu 0 1 <o&mm<omm& 1 2 n mas 

fctt. *^J«gBKisfciJHiKaScao-C, 0. 5nm{l 
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(0. 5nm) tLtct^im. AuSrfflV^B20>& 
JSK©KHt*5 2 5nmSffitC*ofct#t % fra/v-g 

o&sigit ux a u m-otmmiz vittz ± 

BrLfci^, 3nm8fif*ofc. SkKl, KffSrS 

1~4. 5 n mW^H^fcSH 1 ©^JSKteSgp: 
3~1 0 nmOS5ffl»^*>5»2(D^JR^*««L,fc«ig 

A»«tt«^fTfeh.S <fc 5 (3R£UU£»pic&ttSJB 

1 XT/gl 2<D^|g4rKi:<D®H-X?*)5 <) 

10 0 9 8] Sia»©ffi«*tttSf«jtc/h$V>»^|!:tt, 
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V\ fcrtTU ^S'^ESHc^5Si§Secoffi8|JtS:2 0 

[0 0 9 9] RB£^fc«k5fc, *JfcNP9MMcJtft 

Jgffi 1 0 £ PNK©4^f|: u~-f$m*im L-fc £ r <?>, 
V^1*)HWiB*^-i>ar|Ct3^Tt>, g&ffiftffil 9~3 2K 
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iWC«HK*v^ Jttto^io&ktn&llW© 

mmm® 12)05 tt*»w<*>i&j6©j&j8 1 2 
^w-fsasr^tmei-cfcs. aiyavvr, 50 

aW*5 0 2«»aSitTV»«. *fc, n-GaNSfi 
5 0 1 OMffiMX UftffiHCnWM5 0 3tfS, gffcfe^ 
10 ^#©«JI#5 0 2©3gBQfctt, P m4l5 0 4^Ktt 

©BfcteovvtttiHM-s. ^frl^-if^yT'oi® 
T*>5 n -G a NSfcTffifctt, « 1 ©&HI&5 0 5 * 
K»t&*vT*9, Sfefc, 33$gft5lo±, MiaMi 
©&MK5 0 S £<DW{^>V^5 1 2 ^frfe$ti5 - t 

fctts ^2©&jRptmt^>'^*m£(?>^}J-g|Jjg 
20 J&g*TO*«. *fc, p«8l5 0 4ttKV5 1 \bv-i 

1 1 £tt£**£#5 1 o &ttttt&fcfc*M9g|0t?| C 

[0 10 0] 06«^:^(OJgte»cfflv^ij^f|:^-^ 

J/T'SrS^SfrS 1 Otev*vh**tto*«a$r*LT 
V^«. Bfc*JV^T, ^{kfe3S^«CO«®^5 0 2|4, 
» n-GaNS«{R!|jJ»P,(Ig^ n-GaN/V7r|60 
1, n —A 1 G a I n WfWS 6 0 2, n-AlGal 
nNl2^7yKi6 0 3, n-AlGalnN^K 
S6 0 4, AlGa I n N^J|fi^#FJS^ 6 0 5 , 
p-AlGaInNWKg606, p-AlGaln 
N?77KI6 0 7, P-AlGalnNay^hl 
6 0 8i^$^^T«|/*^c^^TV^5. p^?yKl6 0 

bfc^ h7-f ^Roy ys>6 1 1 as&ire.^ p 

0 ^Sri^V^T, n-AlGa I nN^i3y^Ji609, p 
—A 1 Ga I nN*+ ? /i6 1 0iifSttfbtlX^i>. 

®K5 0 5*5,fcO<gS2©&j!®5 0 6^Jgfig$tvTVN 

[oioi] erne, H6*jj:i«b6 *«bloo«i 
[oio2] »jwc, ¥mm*i>mMa^biix^ 

' ST'D-b^S^ffiifflLT, n-GaNS«5 0 1± 
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a e L-k.®* (D^mft u—fmmK warn, 

U»«Jr - a/N-«rtlfc. V^-vfr^ft 

4oo M m-vh <o . mm^^mw<oimw-5 o 2 © h 

I0 10 3jJ)t^ n-GaNS<S50 1 

L, Jia6 0~2 0 0^m8ft4-C 

K»<WSf 5. ittlt, &©!&?, 

5#a-tCtt, 80~120|tmt, HfefcBHtt" 5 £ fc 

!>*^-©flKMtr l 8 0mnlcMlU *©&, ffMll 
SrJB^T 110(i mi-CigtUfc. ©gBttJff 

034r^Lfc„ n@ffi5 0 3{in-GaN«l^e>HS 
tC. Ti (3 0nm) /A 1 (lOOnm) /Mo (5 
Onm) /Au (lOOnm) XmtfLZtlZ. nfg^ 
^ia3fc^SiiU55»iai<^fiW-52:, n-GaNi 
©®@KH4 H4t-t©gft©4) # 

Ufc. /^-Vtt, «ffi*S2 0^m, tTy^lO 

OtfmOjE^te^KiLfc. 

lo 1 0 4] j5cic % 9*'^-&m±w\zni<o&mm5 

0 5, m2©^jRK5 0 6«rBI^J^Ufc <> rrt, « 

1 ©&MR5 0 5 ttSIE-e&S n— G a N t&%m*i. 

1 2 tm&uc<i<^im%mj£f , 

5 1 2 tS^-L.-^t-V^SSr^^-S^aSfe^,, ^ 

nm©Au 

*'«y*^©te©#fc$:fflv>Tfc&v>£itt#5*-c 

n «&©&#&§&, •>fc®i§& 6 2 
[oio5i *©&, ^y^sniaictOv fx^- 
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*yhU ^a/N-ggo (n — G a N2£tK) K^-f^* 

I4 N 06(C*JVxTfSf-6 3 0-C^$HTt^U— iff-*/ 
^©^H(C^5»fiJf»Cffia-t-5« *h,A»6, *x/n-|C 

SH-fSr.iT, 06»^$jt5J;5^ <B*©u-- iff- 

®mmmbiizzkKSy*x*i>t£\\ <&©# 

Sri ft, P^Vy-fcL<fiSlH£?'i^-K*/BVvC« 

£© w-f%©JI|«i *©&©?&#£ «fc 0 JIMttM;: 
* 5 :/ Z.tiZxfyj-T'yjyt'rzu 

mMu z<ou$s$mzitxm*JhMxzny, v- 

20 [ 0 1 0 6 1 r©j; 5 ic v *«Kic*3^Ti4, mm*m 
ftftim<mi&Ltc(ox, f-yy'mamz.si^xv*. 

©«t5Jc»SLfc. E5lc^$n53t^S^5 0 
lfc, 1 2Sr^Lfc. *5HS©}gffifc*}V 

T, X«fSfr5 0 1«Cu't>U<M:FeSr^ftt-t-5^ 
Sd»?)JiC D , -?:©SStN i IS/Au^mc^ js/iHg 
30 ^§tlfct©-(f*>5„ ^y5 12fc«, In*fflV\ 
-t©^$tvS©^.|t l~20(i m@&-C&ofc. 

t><tv^U ^©SaiSC^Iiif, ^fe x 
<ttSnSr±fig^ft-5^^©#^©J;7lc, 

J-, ^#S^5 0 1 & 1 9 0 < Cgft©/»^ , ©gt^J; t) 

40 fa^bnfcw— fT-yy&mmw&TicLx®^ 

2©&®K5 0 6t^>'^5 1 2iSr.t<iii^-e-fc. 
rtvl^J:!), JB2o^MRit^v^4i|ciMlu # 2 © 

^5 1 2©-asUygfifc£*Vfc. ^fSSftSr^ 

CO 108] i5UT, 05»^Lfc*m©Jgffio>i|£ 

CO 1 0 9] ±mLm[C£'!)-?$> ^ZtotU-VJ-y 
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S&2©&«ffi|5 0 614, KiA/f j>S/Ny^5 l 2tm 
&A>Xl,t.iX]$oX^f2^-ft < Mo*»&fc.5£lcD 

X$>ZAu&-mzmmA,X'^Z>) *5,tl^f:3nm 

omo a^s® i (o&mm&insXtmttu— f^ y 

lo 1 1 oj 3j§SBicfc(t5^Ji^[<D^f:(co^ 
5fc, »10^Jg^te.tO!^2<D^|BK©^i:tK 

tefc/fofe. sm<oTm\z^x^ *>$.*) im^^m^ 

lefts X3-KW&mi$.7$mm\Ct£Z<DX; 0. 5nm« 
(0. 5nm) irLfc&fctOfc Au4Il^f20^ 

mmmmm& 2 5 n mettiot t $ k, ? ^-g 

Ea>fe<D£ffi^o@##*pTSBi;:*ofc. $g2 

^5«5HSrttWLfctr5. ^2(D^Jg^Au-C*)5 
4&S\ 1~4. 5nmO©Htfc5»l(D^J||^ ^ 
© 3 ~ 1 0 n m<D«6ffi{cfc5 & 2 ©&fiKS:«^T«i£ 

CO 1 l 2] SiiSBOBSI^^fc/jN^vv^i^ 

V\ fcfc'U ^•^T'ffiSI-^rf ^Si§SPc0®ait^2 0 
%&T\ &* t < II 1 0 %E*Tte'h $ < K3ti-5£®* 

[0 113] &.±&*1t*o\^ *SU8i©^ig^j;it 

WSrtU ±^OttKSr^oT/«c5®l^gK*Jj; 
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»is©^ii§i 3) $m.<mm 2k*»%t, ^ 
^ffi2^c^^L9^c|B«$^^fct ) cD^c^fc«ltt, 

t vc fti&ffifig 1 9 ~ 2 9 K 

v^T, »6©Jgffii 2*5.fctJ<i ifj^©3b*is#t,;ft 
fc. 

10 1 141 ^tfeO^l OfcV^Ll 3ICfeV>T, ^ 
n» m JE^&^. H^&^ x *5 

ions] £Ui, ^<^(Dm^(ommcn^xn. 
smmzcomimm&k vitmsizo^xox-mmc 

tSLWLIZiK (a-AlzOarCrzba) , ^ 

(S i O2) , MgAlaOs, MgGaz04, NdGa 
<K LiGaOa, L1AIO2, ZnO, MgO^ 
ttXOTWJtZim L 5 S^alfifegffiSHbfeSfijCJSffl L 

&fe<omm>k vitm£fc-o\,sx<D%mi\£Bim tfc 

» % AlGaN, b 5 -Sig 

<ommz.&n^Xs mm. mm$w-<om<Dim%* 
vffex-hiit. 

[0116] £?>k x *ftw&mmznz>!mtt:is-i: 

«> OX&ttW ±/vy • T9^f VK-^h?m (S A 

s) «& y^i^Bt^fetux, w&xhyjym 

Sfeii^^xo (BH) ^-y^/UK-^^ 
hWh'/Wt (CSP) «if^(0<iOt(DiUT 

tt^ ±M*>tfmc®fe£tizt>\-tXttts:< , Al»In, 
Gai-^-yN (Ogx, ygl) <DM, H&O^^P- 

•^g»cffi^^P,^^5 I I I -vSHk^mKj, i i - 

» [o i i 7] &±. &w<o$mmigx'tt. #m<n* 
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l0ffi<Dfi8]|i&i&W] 

IB. 11 *IS^O|S£(D^ffilo^^w— tf^ttSr^ 

m 2 1 ?mwv>fm<mm i <o¥ig# 
its i— -ff-v f&mm-vhz. 

[041 *»M(Oieg<D^ffil OO^ftwU—i^g^ 
[0 5 1 *»^©HigcD^l 2©^«cu— if£?g£ 

[*frs-©ift9!i 

10 1 t77^7Sft 
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